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ABSTRACT In order to inform the development of appropriate strategies to improve financial risk 
protection, we conducted a systematic literature review of the financial burden of tuberculosis (TB) faced by 
patients and affected families. 

The mean total costs ranged from $55 to $8198, with an unweighted average of $847. On average, 20% 
(range 0-62%) of the total cost was due to direct medical costs, 20% (0-84%) to direct non-medical costs, 
and 60% (16-94%) to income loss. Half of the total cost was incurred before TB treatment. On average, the 
total cost was equivalent to 58% (range 5-306%) of reported annual individual and 39% (4-148%) of 
reported household income. Cost as percentage of income was particularly high among poor people and 
those with multidrug-resistant TB. Commonly reported coping mechanisms included taking a loan and 
selling household items. 

The total cost of TB for patients can be catastrophic. Income loss often constitutes the largest financial 
risk for patients. Apart from ensuring that healthcare services are fairly financed and delivered in a way that 
minimises direct and indirect costs, there is a need to ensure that TB patients and affected families receive 
appropriate income replacement and other social protection interventions. 
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Introduction 

An estimated 100 million people fall below the poverty line each year because of the financial burden of 
disease [1]. Tuberculosis (TB), which mostly affects the poorest of the poor, is an example of a disease that 
can substantially contribute to the disease poverty trap [2, 3]. 

Most countries aim to provide TB diagnosis and treatment free of charge within public health services. 
Access to free TB care has expanded substantially over the past two decades through national efforts and 
global financial support [4]. However, many TB patients and families are still facing very high direct and 
indirect costs due to TB illness and care- seeking, hampering access and putting people at risk of financial 
ruin or further impoverishment [5, 6]. 

The World Health Organization (WHO) is developing a post-2015 Global TB Strategy, which highlights the 
need for all countries to progress towards universal health coverage to ensure "universal access to needed 
health services without financial hardship in paying for them," [7] as well as social protection mechanisms 
for "income replacement and social support in the event of illness" [8, 9]. One of the tentative global targets 
for the strategy is "no TB-affected family facing catastrophic costs due to TB", to be reached globally by 
2020 [10]. This target reflects the anticipated combined financial risk protection effect of the progressive 
realisation of both universal health coverage and social protection. 

Universal health coverage has long been on the global TB control agenda, which stresses the need for 
universally accessible, affordable and patient- centred services [2, 11-13]. Social protection has emerged 
more recently as a key policy area for TB care and prevention [10, 14-17]. Social protection involves 
schemes to cover costs beyond direct medical costs, including compensation of lost income. Examples of 
social protection schemes include sickness insurance, disability grants, other conditional or unconditional 
cash transfers, food assistance, travel vouchers and other support packages [14]. Such schemes exist in most 
countries, but may not be fully implemented due to inadequate financing or insufficient capacities of the 
healthcare and social welfare systems [18]. Furthermore, they may not include TB patients among those 
eligible [10, 14, 17]. 

In order to inform the development of appropriate strategies for improved access and financial risk 
protection for people with TB, we have undertaken a systematic literature review on medical costs, non- 
medical costs, as well as income loss for TB patients and affected households in different settings, as well as 
the main drivers of those costs. 

Methods 

Eligibility criteria 

This review includes studies written in English, conducted in low- and middle-income countries and 
published from inception to March 31, 2013, reporting data on medical costs, non-medical costs and/or 
income loss incurred by TB patients during the process of seeking and receiving care for TB, as well as 
coping strategies. We excluded studies in which only total cost was reported without any disaggregation into 
direct and indirect costs and studies using secondary data derived from other published articles. 

Information sources and search strategies 

We searched the following electronic databases: PubMed; Global Information Full Text; Index Medicus for 
Africa, South-East Asia, Eastern Mediterranean region, and Western Pacific region; and Literatura 
Latinoamericana y del Caribe en Ciencias de la Salud. Furthermore, we checked reference lists of reviewed 
studies [19-22] and of documents and meeting reports from the World Bank and WHO websites. The 
search terms were "tuberculosis" (tuberculosis, TB, or tuberculosis as a MeSH Term in PubMed) and 
"cost" (cost(s), expense(s), economic, expenditure(s), payment(s), out-of-pocket, financial, impoverish- 
ment, or catastrophic). 

Data extraction 

We extracted the following background information: country, location, urban/rural, year of the publication 
and data collection, setting characteristics, and method of data collection and calculation of costs and 
income loss. 

We stratified, to the extent data allowed, into the following cost components: direct medical costs 
(consultations, tests, medicines and hospitalisation, etc.), direct non-medical cost (transport and food during 
healthcare visits, etc.) and indirect costs (lost income). If possible, cost was stratified by socioeconomic status, 
hospitalisation/ambulatory treatment, drug- resistant TB or drug-susceptible TB, and sex. 

The cost components were extracted separately for the pre- and post-TB diagnosis period, if available. Pre- 
TB treatment costs are those incurred between the onset of symptoms and the initiation of treatment for 
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TB. In all studies, this data was collected retrospectively at a point in time after diagnosis. Post-diagnostic 
costs are those incurred from TB diagnosis to completion of treatment. Costs during treatment were either 
collected prospectively through repeat surveys of patients in treatment or retrospectively. If retrospectively 
collected at some point during treatment, the cost was then extrapolated to the planned treatment duration 
in most studies. 

We also extracted data on costs as a percentage of reported individual and/or household income, if 
available. For all studies done in countries for which both "gross average nominal monthly wage" in the 
International Labour Organization's global wage database [23] and "income share held by lowest 20%" in 
the World Bank's online data [24] were available, we also computed total costs as percentage of average 
annual income and percentage of annual income in the lowest quintile for each respective country. The 
latter was done under the assumption that TB mostly affects the poorest quintile in any given setting. We 
used the available data for the nearest year to a year of the data collection. 

Where available, we extracted information about mechanisms for coping with financial burden, such as 
taking a loan or selling property. 

Summary measures and synthesis of results 

The focus of the analysis was on the distribution of the magnitude and components of costs across settings. 
We also report descriptive analyses of the central tendencies of the data. For each variable we provide the 
range of reported means across studies, unweighted average of means (with standard deviation), and the 
median and interquartile range of means. When a mean value for all study subjects in a given study was not 
available, we re-calculated an unweighted mean across subgroup within the study. We also report the range 
and unweighted average of percentage distributions of different cost components. Under the assumption of 
large heterogeneity, we decided a priori to focus the analysis on the variations across studies, while 
providing summary estimates for some variables as an indication of central tendencies across studies. We 
opted not to calculate confidence intervals for the unweighted average of means, in order to avoid a false 
impression of precision for the measures of central tendency. 

If one study reported data from several different country surveys, each survey was analysed as a separate 
observation. Data availability for variables of interest varied across studies. Summary statistics are therefore 
based on different number of studies. Mean cost values were available from 44 studies (reporting 47 
surveys) of the 49 studies (reporting 52 surveys). Only median values were reported in five studies. We 
therefore did not use median values for summarising the key variables across studies. However, where 
applicable, median values were used for comparison of different subgroups within studies. 

Costs in international dollars ($) were calculated by multiplying raw cost data in US dollars, the exchange 
rate with the local currency for the year of data collection and the cumulative inflation rate [25] from the 
year of data collection to 2010 (latest year of data availability), and divided it by the purchasing power 
parities conversion factor [26]. The exchange rates reported in reviewed articles were preferentially used for 
the calculation and, in the absence of them, we used the exchange rates from the "National Accounts Main 
Aggregates Database" of the United Nations Statistics Division [27] and the exchange rate of Sudan from 
UN data [28] as the data of Sudan in a studied year is missing in the former source. 

Results 

49 studies fulfilled the inclusion criteria (fig. 1). One study without cost data was included since it provided 
data on coping strategies [29]. Details about included studies are provided in table 1. 

Mean total costs ranged from $55 to $8198 across 40 surveys for which mean costs and conversion values 
were available, with an unweighted average of $847, and a median of $379. The proportion of direct medical 
costs out of total cost ranged from 0-62% (unweighted average 20%) across the 25 surveys that provided 
disaggregated data on direct medical, direct non-medical, and indirect costs. Direct non-medical costs 
ranged from 0-84% (unweighted average 20%) and indirect costs (income loss) from 16-94% (unweighted 
average 60%) of total cost (table 2). 

Eight studies fully disaggregated direct and indirect costs both before and during treatment. On average, 
costs incurred before TB treatment was initiated represented 50% of the total cost (fig. 2). While indirect 
costs dominated both before and during treatment, direct costs were relatively more important before than 
during treatment. Direct costs were driven mostly by medical costs before treatment and by non-medical 
costs during treatment. 

Across 18 studies that further disaggregated direct medical costs, the proportion of drug costs out of direct 
medical costs ranged from 0% to 86% (unweighted average of 34%), while the contribution from diagnostic 
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1674 potentially relevant articles identified from 7 databases and 1 review document 
803 in PubMed; 709 in GIFT (Global Information Full Text by WHO) 
6 in African Index Medicus 
14 in Index Medicus for South-East Asia 
8 in Index Medicus for WHO Eastern Mediterranean 
27 in Literatura Latinoamericana y del Caribe en Ciencias de la Salud 
4 in Western Pacific Region Index Medicus 
62 from 4 relevant reviewed studies 

37 from the literature review of "The Tool to Estimate Patients' Costs" [6] 



1 674- Evaluation of title/abstract/figures 



1583 excluded 

Cost data associated with active TB is not included 
Cost data is studied from facility/programme/health 
system perspective 
Articles are not written in English 
Articles are overlapping 



91 Full-text eligibility check 



42 excluded 

20: Cost data is collected from a viewpoint of facility/ 

programme/health system 
9: Cost data has inadequate breakdown to analyse 
5: Cost data is for partial period 
3: Cost data from the same source is reported in 

another article 

2: Cost data is focused on a specific drug or diagnostic 
method 

1 : Cost data source is not original and derived from 
other articles 

1 : Cost data shown is the data after deduction of 
insurance reimbursed later 
1 : Cost data of a high-income country 



49 included 



FIGURE 1 Flow chart of literature search. 



and follow-up test costs ranged from 0% to 94% (unweighted average of 27%,) and hospitalisation costs 
from 0% to 71% (unweighted average of 24%). 

Transport costs (range 11-96%, unweighted average 50%), and food costs (range 0-89%, unweighted 
average 37%,) were the largest contributors to direct non-medical costs in 16 studies that disaggregated the 
direct non-medical costs. 

There was a large variation across studies in the mean total cost as percentage of income, with skewed 
distributions due to a few studies reporting very high costs (table 3 and fig. 3). Total cost as percentage of 
reported annual individual income ranged from 5% to 306% (unweighted average 58%, median 44%), 
while the total cost as percentage of reported household income ranged from 4% to 148% (unweighted 
average 39%, median 23%). Total cost as percentage of the average annual income in the lowest income 
quintile of the country of study ranged from 3% to 578% (unweighted average 89%, median 21%). 

In 12 studies that disaggregated data by socioeconomic status group, there was no consistent tendency of 
difference in the absolute total cost incurred. However, the five studies that reported the cost as percentage 
of the reported income specific to each group found that the cost was considerably higher among the lower 
socioeconomic status groups [30, 34, 38, 40, 46]. 
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TABLE 2 Patient costs and distribution of costs from 25 surveys with disaggregated medical direct costs, non-medical direct 
costs and income loss 



Cost category 


Direct costs 
Medical costs Non-medical costs 


Indirect costs 


Total costs 


Unweighted average of mean 


296.8 (376.0) 


450.8 (553.4) 


738.1 (821.3) 


costs $ (sd) (range) 


(21.9-1316.4) 


(29.8-2184.0) 


(54.6-3500.4) 




144.9 (206.8) 152.0 (275.9) 








(0-801.7) (0-1271.4) 






Median (IQR) of mean costs $ 


136.2 (58.0-304.9) 


206.9 (109.0-486.3) 


397.1 (155.4-1097.2) 




50.0 (14.2-140.0) 32.1 (22.8-120.7) 






Unweighted average 


39.8 (6.2-83.7) 


60.2 (16.3-93.8) 


100 


contribution % (range) 


20.1 (0-62.4) 19.8 (0-83.7) 







IQR: interquartile range. Costs are quoted in international dollars. 



Among the three studies that disaggregated the total cost for patients with multidrug-resistant (MDR)-TB 
versus drug-susceptible TB, the cost was considerably higher for MDR-TB patients (fig. 3). The difference in 
indirect costs was larger than that of the direct costs in two studies [48, 51]. The total costs as percentage of 
reported individual income for MDR-TB patients and drug-susceptible TB patients in two of the three 
studies were 223% ($14 388) versus 31% ($2008) in Ecuador [51] and 76% ($2953) versus 24% ($923) in 
Cambodia [48]. For the third study, from Brazil, that calculated income loss based on reported income after 
TB diagnosis, the cost burden was similar for MDR-TB and drug- susceptible patients (34% versus 27% of 
reported annual income) [58]. 

In 1 1 studies that disaggregated the total costs between males and females there was no consistent tendency 
of difference in absolute total costs. However, in two studies in Nigeria and Zambia that also reported 
individual income by sex, the costs for females as percentage of reported income were significantly larger 
[75, 76]. 

Commonly reported coping mechanisms included taking a loan, selling household items, using savings, and 
transfers from relatives (table 4). The amounts were not reported. 



Before diagnosis: 
50% of total costs 



After diagnosis: 
50% of total costs 




FIGURE 2 Breakdown of direct and indirect 
costs before and during treatment (eight 
studies). Percentages are proportion of 
respective sub-component cost out of the 
total cost. 
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TABLE 3 Costs as percentage of annual 

Surveys n 


income 


Direct 
costs % 


Lost income 

% 


Total costs 

% 


Range of total 
costs % 


1 nrl iviH i lal 

IllUIVIUUdl 












Reported income 22 


Average of mean (sd) 


21 (27) 


37 (43) 


58 (64) 


5-306 




Median of mean (IQR) 


ID lb— z JJ 


Ik [M-3/\ 


44 1 1 b— /O J 




Annual wage 35 


Average of mean (sd) 


9 (14) 


21 (29) 


30 (42) 


0-211 




Median of mean (IQR) 


3 (2-12) 


4 (2-30) 


7 (4-41) 




Wage of lowest 20% 34 


Average of mean (sd) 


25 (42) 


64 (102) 


89 (139) 


3-578 




Median of mean (IQR) 


8 (4-29) 


14 (6-88) 


21 (10-101) 




Reported household income 7 


Average of mean (sd) 


16 (17) 


22 (29) 


39 (46) 


4-148 




Median of mean (IQR) 


11 (9-15) 


14 (4-20) 


23 (14-36) 





IQR: interquartile range. 



Discussion 

This review demonstrates that the economic burden of seeking TB care is often very high for patients and 
affected households. Clearly, accessing TB care and continuing treatment comes with a high risk of financial 
ruin or further impoverishment for many people. In most settings, income loss is a dominating reason for 
the high costs. 

However, the financial burden varies considerably both between individuals in the same setting and between 
settings. This should be expected as the burden is determined by a range of factors, such as socioeconomic 
status, clinical needs, health system structure, TB service delivery model, distance to health services, 
insurance coverage, capacity to work, existence of any social protection scheme, and effectiveness of 
informal social networks supporting patients and families. 

This review shows that, while costs are catastrophic for many patients, they are minimal for others. It is 
crucial to identify the factors that contribute to costs incurred and to financial ruin. Unfortunately, few 
studies provided sufficient details about the models and context of care to allow us to quantify the relative 
importance of the different factors. However, the available data hint at some key explanations and 
intervention entry points. 

Cost of medicines and diagnostic tests were important drivers of direct medical costs, despite TB medicines 
and basic TB-specific tests being free of charge in services linked to the national TB programme in most 
countries. Detailed accounts of which medicines and tests were accessed were not available from any of the 
studies, but authors of some studies speculated about several possible reasons for cost incurred: patients 
may not have been offered free medicines for drug-resistant TB; some patients pay for services outside 
national TB programme facilities, e.g. in the private sector; and costs of adjuvant medicines may have 
contributed. Hospitalisation was another key driver of direct costs. In some settings, patients are routinely 
hospitalised, especially if MDR-TB is diagnosed. The necessity of some medical procedures and routine 
hospitalisation is not substantiated. Ensuring use of evidence-based cost-effective diagnostic and treatment 
routines can reduce direct medical costs [49, 52]. The costs of appropriate services, within national 
programmes as well as outside, should be fully subsidised given the public health implications of failure to 
ensure access and use of quality TB care, the known low socioeconomic status of most TB patients, and 
recommended prioritisation of coverage of priority health interventions like for TB under universal health 
coverage objectives [78]. Ensuring provision of free-of-charge TB diagnosis and treatment also in private 
facilities have been shown to reduce the direct costs for patients [45, 79]. 

Transport and food costs accounted for a major part of direct non-medical costs for patients. Provision of 
transport vouchers, reimbursement schemes and food assistance could be used to reduce or compensate for 
such costs. Furthermore, decentralisation of patient supervision (including directly observed therapy), e.g. 
through community-based [43, 66] or workplace-based treatment [43], can reduce transport costs as well as 
income loss for patients. 

Minimising costs during treatment does not guarantee financial risk protection since a large part of the cost 
is often incurred before treatment starts. In addition, costs during the first 2 months of treatment tend to 
dominate the costs incurred during treatment [29, 57, 74]. Peaking costs around the time of diagnosis and 
treatment initiation may constitute one of the most powerful barriers for people ill with TB to complete the 
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FIGURE 3 Costs as percentage of a) reported annual individual income, b) reported annual household income and c) annual wage of the lowest quintile. The 
far right bars are truncated and percentages are shown above, avg.: average across subgroups for which separate means were reported in the original study. 
MDR: multidrug resistant; TB: tuberculosis. 
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TABLE 4 Percentage of patients pursuing specifi 


c coping strategies 








Country, area, year of data collection 


Taking loan % 


Selling household 


Using own 


Transfers from 






items % 


savings % 


relatives % 


Ghana, urban and rural, 2009 [5] 


47 


37 






Vietnam, urban and rural, 2009 [5] 


17 


5 






Dominican Republic, urban and rural, 2009 [5] 


45 


19 






Tajikistan, urban and rural, 2006/2007 [29] 


30 


49 


30 




India, rural, 2000 [30] 


71 








India, urban and rural, 1995 [31] 










Governmental hospitals 


76 








NGO-run hospitals 


58 








Private health facilities 


68 








Myanmar, urban, 2004 [38] 










Higher socioeconomic status 


27 








Lower socioeconomic status 


55 








Thailand, nationwide, 1996/97 U0] 










Income below poverty line 


12 


16 


22 


23 


Income below average 


9 


7 


21 


21 


Income above average 


8 


8 


14 


17 


China, rural, 2002-05 [44] 


8 


45 




66 


Bangladesh, 1996 [67] 


14 


38 







Kenya, 2008 [73] 57 



NGO: nongovernment organisation. 



diagnostic search, to start treatment once diagnosed, and to adhering to treatment to cure. Therefore, 
effective intervention at the time of diagnosis and treatment initiation may have significant impact. 

Affordable health services, as well as social protection schemes, are needed to enable access, reduce delays 
and to compensate for direct and indirect costs. Social protection schemes cover general categories of 
vulnerable persons, such as those with disabilities or sickness or other causes of limited or reduced income. 
TB patients may in some settings meet criteria for such support. In other settings, TB-specific targeting 
may be in place for provision of specific packages of social support such as food stuffs or cash transfers, 
with or without means testing. This review identified two groups of TB patients that require special 
attention: people with MDR-TB and people in the lowest income brackets. For the first group, the 
debilitating nature of the disease, its long-term care, and associated income loss may put them at special risk 
for catastrophic costs. For the second group, low-income means that the relative costs of direct medical care 
and non-medical costs, as well as income loss due to precarious informal employment in many cases, may 
exacerbate already serious economic vulnerability and catastrophic costs may carry relatively greater impact. 

This study has several limitations. First, there may be both publication and selection bias that could limit 
the representativeness of the findings. All studies included only people who have been diagnosed with TB. 
Costs for those ill with TB who seek care but never get diagnosed may be very different, and could for 
example be dominated by progressing income loss due to untreated illness. Furthermore, most of the 
studies only included persons diagnosed and started on treatment within national TB programmes. Many 
people are treated in the private sector. Direct costs are often higher in the private sector than in facilities 
linked to the national programme [31, 55]. There is thus a bias towards surveys of public sector patients. 
Furthermore, there is inclusion bias with regards to some publication languages. Finally, the search strategy 
was not optimal for the inclusion of studies that only reported on copying mechanism. 

Secondly, there were large variations in how data were collected analysed and reported. In particular, the 
methods for calculating the income loss varied considerably. To accurately measure income loss is more 
difficult than to measure direct costs [80]. We could not find any clear patterns of methods used which 
affected cost estimations, except that the indirect costs in studies using reported income after diagnosis was 
lower than in other studies [58, 73]. Additional research is needed to validate different measurement 
approaches. 

Thirdly, the studies provided limited information about the health system context. This review provides a 
cross-sectional snapshot of the financial burden of TB across very different settings. The relevant drivers of 
costs and interventions to minimise costs will have to be determined locally, based on further local 
operational research. There is a "TB patient-cost toolkit" available to guide the design of local surveys [6]. 
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Fourthly, while studies reported mean values (and median to a lesser extent), no study reported the full 
distribution of costs, the costs as a percentage of income, or the percentage of patients that had faced 
"catastrophic costs". However, several possible definitions of "catastrophic costs" were discussed in the 
reviewed papers, including ">10% of monthly household income" [52], ">10% of annual household 
income" [61, 74]; ">40% of non-subsistence household income" [5, 44]; or "using non-reversible coping 
strategies" [29]. 

The WHO has proposed that "catastrophic health expenditure" be defined as direct healthcare expenditures 
corresponding to >40% of annual discretionary income (income after basic needs, such as food and 
housing) [7]. The World Bank has proposed a similar definition but has not specified a cut-off value [81]. 
Indirect costs of care and income loss are not included in these measures. The WHO's Global TB 
Programme is considering development of TB-specific indicators and target for reduction in catastrophic 
costs due to TB for patients and their families [10]. Here, all care-related expenditures, as well as income 
loss, are being considered as relevant elements of overall catastrophic costs. A threshold for TB-related 
"catastrophic costs" needs to be defined. One possible option would be to adopt the definition of "total 
costs corresponding to >10% of annual household income", which has been proposed by Ranson [82] as 
appropriate for measuring catastrophic total costs. Incidence of impoverishment may also be considered. 
Another option is to use generic or locally defined irreversible coping strategies as proxy indicators for 
catastrophic costs. Further work is needed to assess the correlation between high total cost in relation to 
income and seemingly irreversible coping strategies. 
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